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(54) Modular endoluminal stent-grafts 

(57) Modular endoluminal stent-grafts include at 
least two different sized stent-grafts wliich are deployed 
one Willi in the other. According to one embodiment of 
the invention, a first stent-graft is provided having a 
flared end which is expandable to a first diameter and a 
midsection which is expandable to a second diameter 
smaller than the first diameter. A second stent-graft is 
also provided having an end which is expandable to a 
diameter which engages the midsection ofthe first stent- 
graft. The first embodiment of the invention is deployed 
by expanding the first stent-graft such that its flared end 
engages a large diameter vessel, then expanding the 
second stent-graft inside the midsection ofthe first stent 
graft and inside a small diameter vessel such that the 
second stent graft engages the small diameter vessel 
and the midsection of the first stent-graft. According to 
a second embodiment of the invention, the midsection 
of the first stent-graft is reinforced with a flexible mem- 
ber to restrict the midsection from ballooning. According 
to other aspects ofthe invention, the first stent-graft is 
provided with two flared ends and the second stent graft 
is provided with or without flared ends. According to still 
another embodiment of the invention, three or more 
stent-grafts of different expanded diameter are de- 
ployed one within the other. 



FIG. 10 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The Invention relates to an implantable prosthesis. 
In particular, the Invention relates to endoluminal grafts 
and stent-grafts which are deployed in a bbod vessel 
which has a varying diameter. The invention is particu- 
larly suited for repairing the aortic artery and daughter 
arteries, although it is not limited thereto. 

2. State of the Art 

An endoluminal stent-graft typically includes tubular 
graft material which is affixed to the inside or outside of 
a woven metallic stent and is delivered to the damaged 
site of a blood vessel via a catheter. Endoluminal stent- 
grafts are most often used to repair blood vessels af- 
fected by a variety of lesions such as stenoses or aneu- 
rysms. A typical prior art stent, shown in Figures 1 -6, is 
a metallic structure 10 made of braided wire 12 such as 
stainless steel, cobalt-chromium-nickel super alloys and 
combinations, co-extrusions or braised combinations of 
the above with tantalum, gold, platinum and the like. 
Stents are also made from memory alloys such as nitinol 
and the like. Typical stents are disclosed in U.S. Patents 
Numbers 4,655,771 and 4,954,126 to Wallsten. the 
complete disclosures of which are hereby incorporated 
herein by reference, and in U.K. Patent Number 
1,205,743 to Didcott, the complete disclosure of which 
is also hereby incorporated herein by reference. Gener- 
ally, the wires 1 2 are braided with a large pick size, i.e. 
with relatively large interstices 14 between the wires, so 
that axial expansion of the stent causes a diametrical 
compression of the stent. l\/lost often the braiding and/ 
or the metal chosen for the wires yields a resilient stent 
which is self-expanding. However, some stents are not 
self -expanding and are expanded with the use of a bal- 
loon catheter. In the case of self-expanding stents, the 
proximal and distal ends 16. 18 ofthe stent are usually 
flared when expanded. 

While endoluminal stents have been used without 
any graft material when repairing stenoses, it is now 
generally preferred to use a graft material in combina- 
tion with the stent when repairing stenoses as well as 
when repairing aneurysms. The graft material most of- 
ten used in endoluminal grafts is a PET or poly- 
tetrafluroethylene (PTFE) material which is folded to re- 
duce its size and which is attached to one or both ends 
of a radially expandable stent by means of sutures. 
When the stent self-expands or is balloon expanded, the 
graft unfolds around the stent. The above-referenced 
parent application discloses a stent-graft which incorpo- 
rates an improved self-expanding graft material. 

While the primary use of endoluminal stents is to 
treat stenoses, stents are also sometimes used in con- 



junction with graft material to bridge aneurysms. The ad- 
vantage of using a stent in bridging aneurysms is that 
the expanded stent helps to fix the graft in place, can 
eliminate the need for sutures, and may provide some 
5 additional resistance to hoop stress. Prior art Figures 
2-5 illustrate the deployment of a stent-graft to bridge 
an aneurysm. 

Referring now to Figures 2-5, the ends of the stent 
10 are axially displaced inside an introducer 20 which 
includes an inner catheter 22 having a soft (dilator) tip 
24 and an outer sheath 26. The introducer 20 is deliv- 
ered through a blood vessel 28 with the aid of a guide 
wire 30 which is inserted through the lumen of the inner 
catheter 22. The introducer 20 is guided over the guide 
wire 30 to the site of an aneurysm, in this case two ad- 
jacent aneurysms, namely distal aneurysm 32 and prox- 
imal aneurysm 34. With the aid of fluoroscopy, the intro- 
ducer 20 is positioned so that the soft tip 24 is located 
distalty relative to the distal aneurysm 32. The outer 
sheath 26 is drawn proxlmally while the inner catheter 
22 is held stationary. This releases the distal end 18 of 
the stent 1 0 which self-expands to the inner diameter of 
the vessel 28 as shown in Figure 3. Continued proximal 
movement of the outer sheath 26 releases the remain- 
der of the stent 1 0 as shown in Figure 4 until the proximal 
end 16 of the stent 10 expands to the inner diameter 
ofthe vessel 28 proximal of the proximal aneurysm 34 
as shown in Figure 5, after which the introducer 20 and 
the guide wire 30 are removed from the vessel 28. 

From the foregoing, it will be appreciated that by us- 
ing an appropriately sized stent-graft, the aneurysms 
32, 34 in Figures 2-5 are effectively bridged utilizing the 
procedure described above. In particular, the stent-graft 
must be long enough so that its proximal and distal ends 
extend beyond the aneurysms and expand into healthy 
areas of the blood vessel. Moreover, the stent-graft must 
be chosen to have the appropriate expanded diameter 
so that a good seal is made between the stent-graft and 
the inner wall of the blood vessel. However, the diameter 
should not be so large that when the stent expands, the 
outward pressure of the expanding stent damages the 
wall of the blood vessel. 

Because of the above considerations, it is difficult 
or impossible to bridge an aneurysm with a stent-graft 
when the diameter of the blood vessel on either side of 
the aneurysm differs by any significant amount. For ex- 
ample, as shown in Figure 6, the distal end 1 8 of a stent- 
graft 10 is greatly compressed as compared to the prox- 
imal end 16 when the stent-graft is used to bridge an- 
eurysms 32, 34 where the diameter of the vessel 28 on 
the proximal side 28a of the aneurysms 32, 34 is sub- 
stantially greater than the diameter of the vessel on the 
distal side 28b of the aneurysms 32, 34. Depending on 
the nature of the particular stent-graft, this can cause 
damage to the vessel on the distal side 28b or can result 
in an inward tapering of the distal end 18 of the graft to 
a "cigar shape". In the former situation, the damage can 
result in an additional aneurysm or rupture of the vessel. 
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In the latter situation, the distal end 18 of the graft can 
obstruct the flow of blood, or jeopardize the seal be- 
tween the distal end 18 and the Inner wall of the vessel 
28b. In the case of obstruction, occlusion of the vessel 
may occur which can be catastrophic to the patient. In 
the case of seal weakening, blood will enter into the an- 
eurysmal sac and promote continued growth of the an- 
eurysm. 

More often than not the vessels of the vascular tree 
especially in the abdominal aortic artery exhibit the join- 
ing of vessels having very different diameters. For ex- 
ample, as shown in Figure 7. the abdominal aortic artery 
50 is the trunk from which the renal arteries, right 52, 
left 54 and the iliac arteries, right 56, left 58 proceed. An 
aortic aneurysm 60 between the renal arteries and the 
iliac arteries is very difficult to bridge since the diameter 
of the aortic artery is approximately 25mm, whereas the 
diameter of the iliac artery is about 12mm. A stenl-graft 
having a diameter of 27mm will fit well in the aortic artery, 
but will be too large for the iliac artery. A 1 3mm diameter 
stent-graft will fit well in the iliac artery, but will be too 
small for the aortic artery. 

The above-referenced parent application discloses 
a bifurcated stent-graft which is useful in repairing an 
abdominal aortic aneurysm and iliac aneurysm. The bi- 
furcated graft is located In the abdominal aortic artery 
just above the iliac arteries with its bifurcated end clos- 
est to the iliac arteries. The bifurcated stent-graft effec- 
tively bypasses an aneurysm in the aortic artery and pro- 
vides a radiopaque bifurcated guide to the iliac arteries. 
Once the bifurcated graft is deployed, an additional graft 
may be deployed In each of the iliac arteries. The addi- 
tional grafts are deployed through the legs ofthe bifur- 
cated stent-graft. The bifurcated legs provide separate 
fluid couplings for the two additional grafts so that blood 
can flow from the aortic artery to both iliac arteries. 

Subsequent to the development of the bifurcated 
stent-graft of the parent application, additional discov- 
eries have been made regarding the use of multiple 
stent-grafts to bridge vessels of different diameter. In 
particular, it is sometimes desirable to bridge the aortic 
artery with only one of the iliac arteries. 

In addition, it has been discovered that in some sit- 
uations where a stent-graft has been implanted to bridge 
an aneurysm, the stent-graft will continue to expand ra- 
dially long after the time of implantation. This is partic- 
ularly likely where there is continuous progression of an- 
eurysmal disease and dilation ofthe neck of the aneu- 
rysm-. The continued radial expansion of the stent-graft 
results in a continued axial shortening of the stent-graft 
which often results In the ends ofthe stent-graft becom- 
ing dislodged from the blood vessel whereupon the 
prosthesis floats free inside the aneurysm causing seri- 
ous danger to the patient. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide 



endoluminal stent-grafts which are useful for bridging 
vessels of different diameter. 

It is also an object ofthe invention to provide meth- 
ods for using endoluminal stent-grafts to bridge vessels 

5 of different diameter. 

It Is still another object of the invention to provide 
an endoluminal stent-graft with a limited radial expand- 
ability and limited axial compressibility. 

In accord with these objects which will be discussed 

10 in detail below, the modular endoluminal stent-grafts of 
the present invention include at least two different sized 
stent-grafts which are deployed one within the other. Ac- 
cording to one embodiment of the invention, a first stent- 
graft is provided having a flared end which is expanda- 

15 ble to a first diameter and a midsection which is expand- 
able to a second diameter smaller than the first diame- 
ter. A second stent-graft is also provided having an end 
which is expandable to a diameter which engages the 
midsection ofthe first stent-graft. The first embodiment 

20 of the invention is deployed by expanding the first stent- 
graft such that its flared end engages a large diameter 
vessel, then expanding the second stent-graft inside the 
midsection ofthe first stent graft and inside a small di- 
ameter vessel such that the second stent graft engages 

25 the small diameter vessel and the midsection of the first 
stent-graft. Both the first and second stent-grafts may 
be manufactured in a conventional manner using con- 
ventional materials. According to a second embodiment 
of the invention, the midsection of the first stent-graft is 

30 reinforced with a flexible member to restrict the midsec- 
tion from ballooning due to the outward pressure of the 
second stent-graft deployed within the lumen of the first 
stentgraft. The reinforcing member may be applied to 
all or a portion of the stent-graft. The reinforcing member 

35 Is also useful in preventing the stent-graft from balloon- 
ing due to the presence of static blood pressure over 
time after implantation. 

According to other aspects of the invention, the first 
stent-graft is provided with two flared ends and the sec- 

40 ond stent graft is provided with or without flared ends. 

According to still another embodiment of the inven- 
tion, three or more stent-grafts of different expanded di- 
ameter are deployed one within the other. 

According to another embodiment of the invention, 

45 two or more stent-grafts of different diameter are pre- 
coupled to each other prior to deployment and are de- 
ployed using a single introducer in substantially one 
step. 

According to still other aspects of the invention, the 
50 second and/or third stent-grafts are reinforced with a 
flexible member to restrfct the midsection from balloon- 
ing. 

Additional objects and advantages of the invention 
will become apparent to those skilled in the art upon ref • 
55 erence to the detailed description taken in conjunction 
with the provided figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side elevation view of a prior art stent; 

Figure 2 is a broken side elevation view in partial s 
section of a prior art stent introducer during a first 
stage of deployment in a blood vessel with two ad- 
jacent aneurysms; 

Figures 3-5 are views similar to Figure 2 showing 
the subsequent stages of deployment according to 
the prior art; 

Figure 6 is a view similar to Figure 5 showing a 
blood vessel which has different diameters on either 
side of the aneurysms; 

Figure 7 is a schematic view of an abdominal aortic 
aneurysm; 

Figure 8 is a side elevation view ofa first stent-graft 
in a modular system according to the invention; 

Figure 9 is a schematic view ofthe stent-graft of Fig- 
ure 8 deployed in an abdominal aortic aneurysm; 

Figure 10 is a view similar to Figure 9 showing a 
second stent-graft in a modular system according 
to the invention deployed inside the first stent-graft 
and inside the right iliac artery; 

Figure 11 is a side elevation view of a second em- 
bodiment of a first stent-graft according to the in- 
vention having a flexible reinforcement; 

Figure 11a Is a view similar to Figure 11 of a stent- 
graft according to the invention having another type 
of flexible reinforcement; 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Figures 8-10, a first stent-graft 100 
in a modular system according to the invention has a 
flared proximal end 102, a flared distal end 104, and a 
midsection 106. The proximal end 102 is provided with 
an expanded diameter equal to or slightly larger than 
the inner diameter of the proximal end of an aneurysm 
that is to be bridged, e.g. the neck 1 08 of the abdominal 
aortic artery 50. The midsection 106 is provided with an 
expanded diameter equal to or slightly smaller than the 
inner diameter ofthe distal end 55 of an aneurysm that 
is to be bridged, e.g. the right iliac artery 56. The stent- 
graft 100 may be manufactured according to conven- 
tional methods with conventional materials, but is pref- 
erably manufactured using the methods and materials 
described in the above-referenced parent application. A 
second stent-graft 200 in a modular system according 
to the invention has a proximal end 202, a distal end 
204, and a midsection 206. The expanded diameter of 
the proximal end 202 Is dimensioned to engage the ex- 
panded interior ofthe midsection 106 ofthe first stent- 
graft 100 and the expanded diameter of the distal end 
204 is dimensioned to engage the interior of the distal 
end of an aneurysm that is to be bridged, e.g. the right 
iliac artery 56. The stent-graft 200 may be manufactured 
according to conventional methods with conventional 
materials, but is preferably manufactured using the 
methods and materials described in the above-refer- 
enced parent application. 

The modular stent-grafts 1 00 and 200 are deployed 
in the following manner which is illustrated by way of 
example in Figures 9 and 10 which depict deployment 
in an abdominal aortic aneurysm. The first stent-graft 
100 is compressed into an introducer (not shown) and 
delivered to the a point distal ofthe renal arteries 52, 54 
using conventional methods (see Figures 2-5). The 
stent-graft 100 is deployed such that the proximal end 
102 of the stent-graft 100 expands into the neck 108 
ofthe aortic artery distal ofthe renal arteries 52. 54 but 
proximal of the aortic aneurysm 60. The expanded distal 
end 104 rests in the aneurysm Itself and serves to sta- 
bilize the position of the midsection 1 06 as shown in Fig- 
ure 9. The introducer (not shown) is withdrawn and the 
second stent-graft 200 is compressed into the same or 
another introducer and delivered through the first stent- 
graft 100 to a point within the right iliac artery 56. The 
second stent-graft 200 is deployed such that the proxi- 
mal end 202 of the second stent-graft expands into the 
midsection 106 ofthe first stent-graft 100 and the distal 
end 204 ofthe second stent-graft expands into the right 
iliac artery. 

As mentioned above, both the first and second 
stent-grafts may be manufacturedaccording to conven- 
tional methods with conventional materials or using the 
methods and materials described in the above-refer- 
enced parent application. In addition, the second stent- 



Figure 1 1 b is a view similar to Figure 11 a of a stent- 40 
graft according to the invention having still another 
type of flexible reinforcement; 

Figure 12 is a schematic view of a modular stent- 
graft system according to the invention having three 4S 

stent-grafts where the second is deployed inside 
the first and the third is deployed inside the second; 

Figure 13 Is a schematic view of a modular stent- 
graft system according to the Invention in which so 
stent-grafts of different diameter are pre-coupled to 
each other prior to deployment; and 

Figure 1 4 is a reduced schematic view ofthe stent- 
graft system of Figure 13 In a "pulled-down" stale, ss 
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graft may be made with fewer wires and/or with smaller 
wires In order that it fit properly in the iliac artery. The 
first stent-graft 100 may also be provided with midsec- 
tion reinforcement as shown in Figure 11. 

Turning now to Figu re 1 1 . there Is illustrated a stent- 
graft 100' which Is similar to the first stent-graft 100 de- 
scribed above. The stent-graft 1 00' has a flared proximal 
end 1 02", a flared distal end 1 04*, and a midsection 1 06*. 
According to this embodiment, the stent-graft 100' has 
a flexible reinforcement 105* attached to the midsection 
106' which restricts the midsection from ballooning 
when another (second) stent-graft is expanded inside 
the midsection. The flexible reinforcement 105' may be 
formed from sutures, knits, weaves, braids, wires, or an- 
other stent. The reinforcement 105* may be attached to 
the inside or the outside of the midsection. Suitable ma- 
terials for the reinforcement 105' include polyethylene 
teraphthalate, nylon, pofytetrafluoroethylene, polyole- 
fin, polyamide, polycarbonate, polycarbonate urethane. 
metallic wire such as tantalum, stainless steel, titanium, 
annealed cobalt-chromlum-nlckel, etc. The reinforce- 
ment may be attached to the stent by suturing, gluing, 
hooks, welds or any other method which does not inter- 
fere with the compression of the stent. As shown in Fig- 
ure 11, the reinforcement 105' is a substantially contin- 
uous member or members. In addition, such a reinforce- 
ment may be applied to all or part ofthe second stent- 
graft 200 described above in order to prevent ballooning 
of the second stent-graft in regions of high blood pres- 
sure, or in instances where the stent-graft is com- 
pressed axially during deployment. 

Turning now to Figure 11a. there is shown a stent- 
graft 100" which is similar to the first stent-graft 100 de- 
scribed above. The stent-graft 100" has a flared proxi- 
mal end 1 02", a flared distal end 1 04", and a midsection 
106". According to this embodiment, the stent-graft 100" 
has a flexible reinforcement 105" attached to the mid- 
section 106" and extending along substantially its entire 
length. In addition, in this embodiment, the reinforce- 
ment is formed from a series of discrete members which 
are axially spaced apart from each other. An advantage 
of using discrete members is that the stent-graft can be 
trimmed on the operating table without risking detach- 
ment of the ends of the reinforcement. 

This advantage can also be achieved with a rein- 
forcement which is Inlay knitted or woven Into the graft 
component of the stent-graft, a reinforcement which is 
added to the outside of the stent-graft, or a reinforce- 
ment which is located between the stent and the graft. 

Figure 1 1 b shows a stent-graft 1 00'" which is similar 
to the first stent-graft 100 described above. The stent- 
graft 100'" has a flared proximal end 1 02"', a flared distal 
end 104'", and a midsection 106"'. According to this em- 
bodiment, the stent-graft 100"' has a first flexible rein- 
forcement 105'" located between the proximal end 102"' 
and the midsection 1 06"' and a second flexible reinforce- 
ment 107"' located between the distal end 104"' and the 
midsection lOe*". An advantage ofthis configuration is 



that it allows a small amount of additional axial com- 
pressibility which can be helpful during deployment. For 
example, if the stent is too long, it can be compressed 
axially to fit in the desired space. In addition, the pitch 

5 angle of the reinforcements 105**, 107"' can be made 
lower to add a small amount of longitudinal compressi- 
bility to the stent-graft while still maintaining a restriction 
on the radial expandability of the stent-graft. 

Common to all of the embodiments of the reinforced 

10 stent-graft Is the feature that the reinforcement is flexible 
enough to allow the stent-graft to be pulled down to a 
small diameter for delivery to the deployment site, but 
be strong enough to limit the radial expansion of the 
stent-graft beyond a diameter which is substantialty 

IS equal to the resting diameter of the stent-graft. 

The modular stent-graft system of the invention 
may include more than two stent-grafts. For example, 
as shown in Figure 12, a modular system may include 
three stent-grafts 300, 400, 500 for bridging two aneu- 

^0 rysms 604, 608 in a blood vessel 600 which exhibits 
three different diameters 602, 606, 610. As shown in 
Figure 12, the first stent-graft 300 has a flared proximal 
end 302, a non-flared distal end 304, and a midsection 
306, The second stent-graft 400 has a non-flared prox- 

25 ima) end 402, a non-flared distal end 404, and a mid- 
section 406. The third stent-graft 500 has a flared prox- 
imal end 502, a non-flared distal end 504, and a mid- 
section 506. The flared proximal end 302 ofthe first 
stent-graft 300 has an expanded diameter which fits se- 

30 curely in the large diameter portion 602 of the blood ves- 
sel 600 proximal of the first aneurysm 604. The second 
stent-graft 400 has a substantially constant expanded 
diameter which causes its proximal end 402 to fit se- 
curely in the midsection 306 ofthe first stent-graft 300 

35 and its midsection 406 to fit securely in the smaller di- 
ameter section 606 ofthe blood vessel 600 between the 
first aneurysm 604 and the second aneurysm 608. The 
flared proximal end 502 of the third stent-graft 500 has 
an expanded diameter which fits securely in the midsec- 

40 tion 406 of the second stent-graft 400; and the non- 
flared distal end 504 has an expanded diameter which 
fits securely in the smallest diameter portion 610 ofthe 
blood vessel 600 distal of the second aneurysm 608. 
The modular stent-grafts of Figure 12 are deployed in a 

45 manner similar to the stentgrafts shown In Figure 10, i. 
e. by deploying the proximal stent-graft first, and then 
following with distal stent-grafts. Although Figure 12 
shows three stent-grafts with increasingly smaller diam- 
eters, the proximal to distal diameter change need not 

50 be from larger to smaller. For example, if the aneurysm 
608 were located proximal of the aneurysm 604, the 
stent-grafts could be deployed in a different order or in 
the same order but with their proximal and distal ends 
reversed. That is, the stent-graft 400 could be deployed 

55 first and the stent-grafts 300 and 500 could be deployed 
inside the stent-graft 400. In this situation, it would be 
advantageous for the entire length of the stent-graft 400 
to be reinforced. Alternatively, the stent-graft 300 could 
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be deployed first with its end 302 being deployed distal- 

ly, etc. 

Referring now to Figures 13 and 14, a modular 
stent-graft system 700 Is shown. The stent-graft system 
700 has three stent-grafts 300', 400', and 500' which are 
similar to the stent-grafts 300, 400, and 500 described 
above. As shown In Figure 13, the primed reference nu- 
merals (e.g. 302') refer to features of the stent-grafts 
300', 400', and 500' which are similar to features of the 
stent-grafts 300, 400, and 500 described above. Ac- 
cording to this embodiment of the invention, the proxi- 
mal end 402' ofthe stent-graft 400' is pre-coupled to the 
midsection 306' of the stent-graft 300* and the proximal 
end 502' of the stent-graft 500' is pre-coupled to the mid- 
section 406' of the stent-graft 400*. The pre-coupling 
may be effected at the time of manufacture, or by a prac- 
titioner prior to deployment of the modular stent-graft 
system. As shown in Figure 13, the pre-coupling is ac- 
complished with sutures 401' and 501'. However, the 
stent-grafts may also be coupled to each other by wires, 
adhesives, welds, or by using any other suitable cou- 
pling method. After the stent-grafts 300', 400', and 500' 
are coupled to each other, they are 'pulled down' as a 
single unit with the aid of an introducer to a compressed 
state as shown In Figure 14 for deployment. 

There have been described and illustrated herein 
several embodiments of modular endolumlnal stent- 
grafts and methods for their use. While particular em- 
bodiments of the invention have been described, it is not 
intended that the invention be limited thereto, as it is in- 
tended that the invention be as broad in scope as the 
art will allow and that the specification be read likewise. 
Thus, while particular dimensions and materials have 
been disclosed, it will be appreciated that other dimen- 
sions and materials could be utilized. Also, while the 
stent-grafts have been shown for use in bridging aneu- 
rysms, it will be recognized that the modular system of 
stent-grafts could be used to bridge other types of le- 
sions. Moreover, while particular configurations have 
been disclosed in reference to flared ends and reinforc- 
ing members, It will be appreciated that other configu- 
rations could be used as well. For example, the modular 
stent-graft 100 described with reference to Figure 10 
could be provided with a single flared end, the proximal 
end, rather than two flared ends, in order to fit in certain 
tortuous arteries. Also, it Is possible to utilize a bifurcat- 
ed stent (as shown in the parent application) as a com- 
ponent in a modular stent system and use an occluding 
device to block one of its legs. 

It will therefore be appreciated by those skilled in 
the art that yet other modifications could be made to the 
provided invention without deviating from its spirit and 
scope as so claimed. 



Claims 

1 . A modular endoluminal stent-graft system for bridg- 



ing a lesion in a blood vessel having a first large 
diameter on one side of the lesion and a second 
small diameter on the other side of the lesion, said 
system comprising: 

5 

a) a first stent-graft having a first end, a second 
end, and a midsection, said first end of said first 
stent-graft having an expanded diameter equal 
to or slightly larger than the first large diameter 

10 ofthe blood vessel, said midsection of said first 

stent-graft having an expanded diameter which 
Is smaller than said expanded diameter of said 
first end of said first stent-graft; 

b) a second stent-graft having a first end, a see- 
rs ond end, and a midsection, said first end of said 

second stent-graft having an expanded diame- 
ter equal to or slightly larger than said expand- 
ed diameter of said midsection of said first 
stent-graft and said second end of said second 

20 stent-graft having an expanded diameter which 

Is equal to or slightly larger than the second 
small diameter of the blood vessel, such that 
when said system Is deployed, said first end of 
said first stent-graft engages the first large di- 

2S ameter ofthe blood vessel, said first end of said 

second stent-graft engages said midsection of 
said first stent-graft, and said second end of 
said second stent-graft engages the second 
small diameter ofthe blood vessel. 

30 

2. A system according to claim 1 , wherein said first 
end and/or said second end of said second stent- 
graft is flared. 



35 3, A modular stent-graft system, comprising: 

a) a first stent-graft having a first end, a second 
end, and a midsection, said first end of said first 
stent-graft having an expanded first diameter 

"io and said midsection of said first stent-graft hav- 

ing an expanded second diameter which is 
smaller than said expanded first diameter; 

b) a second stent-graft having a first end, a sec- 
ond end, and a midsection, said first end of said 

45 second stent-graft having an expanded third di- 

ameter equal to or slightly larger than said ex- 
panded second diameter of said midsection of 
said first stent-graft, such that when said sys- 
tem is deployed, said first end of said second 

50 stent-graft engages said midsection of said first 

stent-graft. 

4. A system according to claim 3. further comprising: 
c) a third stent-graft having a first end, a sec- 
55 ond end, and a midsection, said first end of said 
third stent-graft having an expanded fourth diame- 
ter, wherein said midsection of said second stent- 
graft has an expanded fifth diameter equal to or 
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slightly smaller than said expanded fourth diameter 
of said first end of said third stent-graft, such that 
when said system is deployed, said first end of said 
third stent-graft engages said midsection of said 
second stent-graft. 

5. A system according to claim 4, wherein said first 
end of said third stent-graft is flared. 

6. A system according to any of claims 1 to 5, wherein 
said first end and/or said second end of said first 
stent-graft is flared. 

7. A system according to any of claims 1 to 6, wherein 
at least said midsection of said first stent-graft is re- 
inforced with a flexible material. 

8. A system according to claim 7, wherein said flexible 
material comprises polyethylene terephthalate, ny- 
lon, polytetrafluoroethylene, polyolefin, polyamide, 
polycarbonate, polycarbonate urethane or metallic 

wire. 

9. A system according to claim 7, wherein said flexible 
material is selected from sutures, knits, weaves, 
braids, wires, and stents. 

10. A system according to any of claims 1 to 9, wherein 
said first end of said second stent-graft is coupled 
to said first stent-graft by one of sutures, wires, ad- 
hesive and welds. 

11. A modular stent-graft system, comprising: 

a) a first stent-graft having a first end, a second 
end, and a midsection defining a first lumen 
therethrough, said midsection of said first stent- 
graft having an expanded first diameter; 

b) a second stent-graft having a first end, a sec- 
ond end, and a midsection defining a second 
lumen therethrough, said midsection of said 
second stent-graft having an expanded second 
diameter smaller than said expanded first diam- 
eter, said first end of said second stent-graft be- 
ing coupled to said first stent-graft such that 
said first lumen is substantially contiguous with 
said second lumen. 

12. A system according to claim 11, wherein said first 
end of said second stent-graft is coupled to said 
midsection of said first stent-graft. 

13. A self -expanding endolumlnal stent-graft, compris- 
ing: 

a) a self-expanding stent having a geometry 
such that when ends of said stent are pulled 
apart, the diameter of said stent decreases to 



between approximately one halfto approxi- 
mately one tenth of a resting diameter of said 
stent; and 

b) a flexible reinforcement coupled to at least 
5 one portion of said stent and substantially lim- 

iting radial expansion of said portion of said 
stent beyond said resting diameter. 

14. A stent-graft according to claim 13, wherein said at 
10 least one portion includes a central portion of said 

stent 

15. A stent-graft according to claim 1 3, wherein said at 
least one portion includes two end portions of said 

IS stent. 

16. A stent-graft according to any of claims 13 to 15, 
wherein said reinforcement includes a continuous 
member which extends over a length of said stent. 

20 

17. A stent-graft according to claim 13 to 15, wherein 
said reinforcement includes a plurality of discrete 
members which are spaced apart from each other 
axial ty. 

25 

18. A method of bridging a lesion in a blood vessel hav- 
ing a first large diameter on one side of the lesion 
and a second small diameter on the other side of 
the lesion, said method comprising: 

30 

a) obtaining a first stent-graft having a first end, 
a second end, and a midsection, said first end 
of said first stent-graft having an expanded di- 
ameter equal to or slightly larger than the first 

35 large diameter of the blood vessel, said midsec- 

tion of said first stent-graft having an expanded 
diameter which is smaller than said expanded 
diameter of said first end of said first stent-graft; 

b) obtaining a second stent-graft having a first 
40 end, a second end, and a midsection, said first 

end of said second stent-graft having an ex- 
panded diameter equal to or slightly larger than 
said expanded diameter of said midsection of 
said first stent-graft and said second end of said 
45 second stent-graft having an expanded diame- 

ter which is equal to or slightly larger than the 
second small diameter of the blood vessel; 

c) deploying said first stent-graft by expanding 
said first stent-graft such that said first end of 

so said first stent-graft engages the first large di- 

ameter of the blood vessel; and 

d) deploying said second stent-graft by expand- 
ing said second stent-graft such that said first 
end of said second stent-graft engages said 

S5 midsection of said first stent-graft and said sec- 

ond end of said second stent-graft engages the 
second small diameter of the blood vessel. 
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19. Amethodaccordingtoclaim 18, further comprising: 

e) obtaining a third stent-graft having afirst end, 
a second end. and a midsection; and 

deploying said third stent-graft by expanding 
said third stent-graft such that said first end of 
said third stent-graft engages said midsection 
of said second stent-graft. 

10 
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(54) Modular endoluminal stent-gratts 

(57) Modular endoluminal stent-grafts include at 
east twodiflerent sized stent-graftswhicharedeployed 

Sie Sn the other. According to one eml)od.ment o1 
^ invention, a first stent-gratt is provided hav.ng a 
r,rend wh oh is expandable to a first diameter and a 
S it ich is expandable to a second 'ameter 
Smaller than the first diameter. A seco,^ ^''"^-^^H 
ateo provided having an end which .s ^^f""^^^^^ 
dairwhichengagesthemidseotionotthef^^^^^ 

nraft The first embodiment of the invention 'S deployed 
Sripanding the first stent-graft such that its flared end 

ennaSs a large diameter vessel, then expanding the 

onTstent-glftinsidethe midsection o^^^^^^^ 
nralt and inside a small diameter vessel such that the 
JLcond stent graft engages the small diarneter vessel 
S the midsection of the first stent-graft^Accord.ng to 
ricind embodiment of the invention, the mdsecjon 
ot^first stent-graft is reinforced wrth a flexible mem- 
befto Srictthemidsectiontromballooning. Accord^^^^^ 
ToZr aspects ofthe bvention, the first stent-graft .s 
provided with two flared ends and the ««cond ^^^n 9^ 
^ provided with or without flared ends. According to s^^H 
ZL embodiment of the invention, three or more 
r.n-grafts of different expanded diameter are de- 
ployed one within the other. 
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